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ABSTRACT

first floristic inventory ofPhillips and Valley counties on the glacia

718 species, and 358 genera from 86 families. Among these are 1(

RESUMEN

Este estudio marca el primer inventario florfstico de los condados de Phillips y Valley de las Uanuras glaciadas del noreste de Montana. El

frea de 23.191 km2 (8.954 sq mi) fue estudiada en busca de todos los taxa de plantas vasculares en los espacios manejados por el Bureau of

INTRODUCTION

We report on a vascular plant inventory ofpublic and private lands in Phillips and Valley counties in northeast-

ern Montana (Fig. 1). The area is bound by Canada to the north, the Missouri River to the south, Daniels

County and Fort Peck Indian Reservation to the east, and Blaine County and Fort Belknap Indian Reservation

to the west. Elevation ranges from 616 to 1,743m (2,020 to 5,720 ft).

The area is located within the North American Prairies floristic province near the edge of the Rocky

Mountain province (Takhtajan 1986), although Lavin and Seibert (2011) have suggested that the area has a

greater floristic affinity to the Intermountain region than to the Great Plains. Botanical exploration of the area

began in 1805 and 1806 when the Lewis and Clark Expedition traveled along the Missouri River (Phillips

2003). Past treatments that have covered the area include Rydberg (1932; peripherally), Atlas ofthe Flora ofthe

Great Plains (GPFA 1977), and Flora ofthe Great Plains (GPFA 1986). State floras include VascularPlants ofMan-

ama (Dorn 1984) and the recently published Manual ofMontana Vascular Plants (Lesica 2012). The area is one

ofmanyon the western Great Plains forwhich basic floristic knowledge has been lacking (GPFA 1986). Indeed,

the area was not previously well collected: fewer than 1,200 collections from this area larger than the State of

New Jersey are vouchered at the Montana State University Herbarium (MONT; 2013) and the University of

Montana Herbarium (MONTU; 2013).
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This botanical inventory is part of the larger effort by the Rocky Mountain Herbarium (RM) to map in

relatively fine detail the geographic distributions of species based on vouchered specimens and to produce a

flora of the greater Rocky Mountain region (Hartman 1992; Hartman & Nelson 2008; Hartman et al. 2009).

Thus, flonstic inventories (49 as master’s degree projects) have been conducted during the past 34years in Ari-

zona, Colorado, Idaho, Kansas, Montana, Nebraska, New Mexico, Oregon, South Dakota, Utah, Washington,

and Wyoming (e.g. Reif et al. 2009; Kesonie & Hartman 2011; Kuhn et al. 2011; Lukas et al. 2012). Over

650,000 new collections have been obtained by graduate students, staff, and research associates of RM. These

specimens form the core of theRM Plant Specimen Database (835,000 specimen records, 55,000 specimen im-

ages, and 4,000 field images; Hartman et al. 2009).

Study area. Various federal and state agencies manage lands in the area. In Phillips County, 4,374 sqkm

(1,689 sq mi) ofBureau ofLand Management (BLM) lands are managedby the MaltaBLM Field Office or in the

southwest comer of the county as part of the Upper Missouri River Breaks National Monument, which is ad-

ministered directly by the Montana/DakotasBLM. The GlasgowBLM Field Office manages 4,095 sqkm (1,581

sq mi) in Valley County. Also covered were 1,563 sqkm (603sqmi) ofU.S. Fish and Wildlife Service lands in-

cluding Charles M. Russell National Wildlife Refuge north of the Missouri River as well as Bowdoin National

Wildlife Refuge. The area also includes 1,635 sq km (631 sq mi) managed by the state, mostly as Montana State

Trust Lands or by Montana Fish, Wildlife, and Parks. Private lands visited include the American Prairie Re-

serve (133 sq km/51 sq mi) in southern Phillips County and the Matador Ranch (123 sq km/49 sq mi), owned

and operatedby The Nature Conservancy in southwestern Phillips County. In total, 1 1,924 sqkm (4,604 sq
mi)
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were accessible for collection within the 23,191 sq km (8,954 sq mi) area (the entirety of Phillips and Valley

counties exclusive of lands on the Fort Peck and Fort Belknap Indian Reservations). There are four wilderness

study areas (WSAs) managed by the BLM: Bitter CreekWSA (239 sq km/92 sq mi) in northern Valley County,

Burnt LodgeWSA (56 sqkm/21 sq mi) in the Larb Hills (South), andAntelope CreekWSA (50 sq km/19 sq mi)

as well as part of Cow CreekWSA (138 sq km/53 sq mi in total) in the Upper Missouri River Breaks National

Monument. Grasslands National Park ofCanada is located just north of the area in Saskatchewan.

Physiography.—The area is located on the Glaciated Missouri Plateau subregion of the northwestern por-

tion of the Great Plains physiographic region (Fenneman 1916). Figure 1 shows topographic features and bod-

ies of water in the area. The vast majority of the area was glaciated during the Pleistocene (Colton et al. 1961;

Fullerton & Colton 1986). Most of the area lies on broadly rolling hills with typically dry drainages, locally

called coulees. Grasses dominate these rolling hills with sagebrush (Artemisia spp.) abundant in some areas as

well. Topographic relief is greater in the south on the Missouri River Breaks, where steep slopes can be covered

with ponderosa pine woodlands. The Little Rocky Mountains, one of several forested island mountain ranges

in central Montana, rise about 610m (2,000 ft) above the surrounding plains in southwestern Phillips County

and southeastern Blaine County. The summit of Antoine Butte at 1,743 m (5,720 ft) is the highest point in the

Little Rockies and the area.

The entire area is located within the Missouri River watershed. Most of the area drains into the Milk River

except several drainages in the south that lead directly to the Missouri River and part of northeastern Valley

County, which is in the Poplar River watershed. The Milk River nearly bisects the area, entering in the west

near Dodson and reaching its confluence with the Missouri River in the east (Fig. 1). The Missouri River is

dammed near the town of Fort Peck by Fort Peck Dam, which was constructed by the U.S. Army Corps of En-

gineers during the 1930s (Bandy et al. 2004). Fort Peck Lake forms the shoreline ofthe Missouri River formuch
of its length within the area.

Climate.—The region has a cold semi-arid climate (BSk in the Koppen-Geiger climate classification; Peel

et al. 2007), characterized by warm to hot summers and long cold winters (Bingham et aL 1984; Bandy et al.

2004; NCDC 2012). Average daily maximum temperatures range from 9.8 to 15.7°C (49.7 to 60.2°F), with the

north cooler than the south (PRISM 2004). Average daily minimum temperatures range from -3.3 to 2.3°C

(26.1 to 36.1°F), again generally lower in the north than in the south (PRISM 2004). Average annual precipita-

tion is relatively low, ranging from 26.7 to 55.1 cm (10.5 to 21.7 in) in the Little Rocky Mountains (PRISM

2004). Areas of locally high elevations tend to receive more precipitation, including the Little Rockies. About

half of the annual precipitation falls in the months of May, June, andJuly (NCDC 2012; WRCC 2012). Severe

thunderstorms throughout the summer can bring locally heavy precipitation as well as damaging winds and

hail (Bingham et al. 1984).

Precipitation was well above normal throughout most of the area in both field seasons of this inventory

(2010 and 2011). Annual precipitation in 2010 at Glasgow was 46.0cm (18.1 in; 156 percent of average) and in

2011 was 58.4 cm (23.0 in; 198 percent of average), the highest ever recorded in Glasgow (NCDC 2012; NWS
2012). In addition, the 275.8 cm (108.6 in) ofsnow that fell in Glasgowduring the winter of 2010 and 201 1 were

the most ever recorded, more than three times greater than the average of 91 cm (36 in; NWS 2012). This ab-

normally high level of precipitation created excellent conditions for conducting a floristic inventory but

brought extensive flooding as well.

Geology.—Three main events define the surficial geology ofthe area: the deposition ofsedimentary rocks

m a shallow inland sea during the Late Cretaceous, the formation of the Little Rocky Mountains during the

early Paleogene, and the glaciation ofnearly the entire area during the Pleistocene.

Throughout most of the area, the geologic layers exposed at the surface were deposited during the Late

Cretaceous when a large, shallow, inland sea known as the Western Interior Seaway covered the region (Mar-

shak 2005). Formations exposed from this time period are, from oldest to youngest, the Claggett shale, the

Judith River formation, the Bearpaw shale, the Fox Hills sandstone, and the Hell Creekformation (Collier 1918;

Vuke et al. 2007). The most commonly exposed of these Cretaceous-age materials is the Bearpaw shale (Vuke
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et al. 2007). It consists ofmostly dark-gray shale ofmarine origin and in some areas forms badlands and sticky

clay soils known locally as gumbo (Collier 1918; Jensen & Varnes 1964). Localized bentonite layers in the

Bearpaw shale, derived from volcanic ash deposits, have been mined in the area (Jensen& Varnes 1964; Bandy

et al. 2004).

A structure called the Bowdoin dome exists in the central and northern portion of the area, centered

about Nelson Reservoir and Lake Bowdoin (Bandy et al. 2004). Strata dip very slightly away from the center of

sures of two older formations, the Claggett shale and the Judith River formation (Collier 1918; Vuke et al.

2007). The older Claggett shale, which outcrops at the center of the dome, consists of a dark-gray marine shale

similar to the Bearpaw shale. TheJudith River formation, which outcrops on the periphery of the dome, con-

sists of sandstones and shale of a freshwater depositional environment (Collier 1918; Jensen& Varnes 1964).

The Bowdoin dome has trapped natural gas in underlying Colorado Group sandstones (Bandy et al. 2004).

Natural gas production from this dome has occurred since the early part of the 20th century and continues

today (Bandy etal. 2004).

The Fox Hills sandstone and Hell Creek formation (famous for its dinosaur fossils;Jensen& Varnes 1964)

outcrop in the southern part of the area as well as parts ofnortheastern Valley County (Collier 1918; Vuke et al.

2007). These consist ofmostly sandstones (Bandy et al. 2004). The sandstones of the Hell Creek formation are

more erosion resistant than the surrounding Bearpaw shale and often cap hills, particularly in the southern

part of the area (Jensen& Varnes 1964).

The Flaxville gravel, derived from alluvial terrace deposits from the late Neogene and early Quaternary, is

exposed in small parts of the north (Bandy et al. 2004). Resistant to erosion, it caps uplands and benches where

it is exposed (Collier 1918). Alluvium from the Quaternary is present in the Milk River Valley and lower parts

of larger creeks as well as on the Missouri River upstream of Fort Peck Lake (Bandy et al. 2004; Vuke et al.

2007).

The Little Rocky Mountains were formed during an early Paleogene orogeny in which intrusive igneous

rocks uplifted Precambrian basement rocks and overlying Paleozoic and Mesozoic sedimentary rocks around

the periphery of the range (Knechtel 1959). Precambrian metasedimentary and metavolcanic rocks outcrop

alongwith igneous rocks in the center of the Uttle Rockies (Knechtel 1959; Bandy et al. 2004; Vuke et al. 2007).

These igneous rocks at the core were intruded about 60 million years ago from alkaic magma (Wilson& Kyser

1988; Bandy et al. 2004). Gold and silver have been mined in the Litde Rockies since 1884 in a variety ofopera-

tions (Wilson& Kyser 1988; Bandy et al. 2004).

The sedimentary rocks overlying the Little Rocky Mountains were uplifted during the orogeny and sub-

sequently have been eroded away over the core of the range, while remaining at the periphery (Knechtel 1959;

Vuke et al. 2007). The most prominent strata exposed at the surface are erosion-resistant calcareous rocks from

the Paleozoic, including dolomites of the Bighorn formation from the Ordovician, the Jefferson limestone of

the Devonian, and especially the Lodgepole and Mission Canyon limestones of the Mississippian (Knechtel

1959). Mesozoic rocks outcrop mostly in the foothills surrounding the Little Rockies and in small areas within

the range. These are mostly shales but also include some sandstones, conglomerates, and limestones (Knechtel

1959). Rocks from the Jurassic and Early Cretaceous are exposed in small areas around the periphery of the

range but once on the plains, strata from the Upper Cretaceous dominate at the surface (Knechtel 1959; Vuke

etal. 2007).

The Laurentide Ice Sheet covered the entire region during the late Illinoian glacial period (between

195,000 and 128,000 years ago) with the exception of the Little Rocky Mountains and an area east of Opheim

within the Poplar River drainage (Colton et al. 1961; Fullerton & Colton 1986). Following this glacial period,

extensive badlands formed subsequent to glaciation in the Wisconsinan (Fullerton & Colton 1986). Glaciers

returned between 21,000 to 16,000 years ago during the late Wisconsinan, although to a much smaller extent

than during the Illinoian (Fullerton& Colton 1986). During this time large areas remained ice-free in south-

i Phillips Coi
nuch of Valley Corn
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eluding the central portion (Colton et al. 1961; Fullerton & Colton 1986). Prior to these glacial episodes, the

Missouri River formed the broad valley that the Milk River now meanders through (Collier 1918; Bingham et

al. 1984; Bandy et al. 2004). Blocked by glacial ice, the Missouri Riverbecame entrenched in its current channel

during the Wisconsinan (Collier 1918; Alden 1932).

Paleovegetation.—Vegetational history following deglaciation is somewhat uncertain because of a pauci-

ty of fossil pollen data from northern Montana (Bamosky 1989; Strong& Hills 2005). However, it is likely that

after 12,000 years ago extensive grasslands similar to the present vegetation were established in the region,

unlike areas further east and north, which supported long-standing wide bands of boreal forest following de-

glaciation (Strong & Hills 2005). Fossil pollen data from Guardipee Lake, Montana indicates that by 12,200

years ago, temperate grasslands with shrubs in mesic habitats were present in northern Montana east of the

Rocky Mountains (Barnosky 1989). After 9,300 years ago these grasslands started to become more xeric as

they are today (Bamosky 1989).

Less clear is the nature of the vegetation following the maximum extent of the Laurentide Ice Sheet about

20,000 years ago (Fullerton& Colton 1986) but prior to 12,000 years ago. There is no direct evidence for for-

ests during this time, although the area may have been near the edges of both cordilleran and boreal forest

belts. A dry deciduous boreal forest or aspen parkland may have existed south of the boreal/cordilleran forest

zone in southern Saskatchewan (Klassen 1994), perhaps approaching northern Montana. The existence of a

belt of cordilleran forests during this time may explain the distribution of these tree species in theisland

mountain ranges of central Montana and the Cypress Hills in Canada (Thompson& Kuijt 1976; Strong&Htlls

2005). Presumably such a cordilleran forest belt stretched across the lowlands but was isolated after 14,000

years ago onto the discontinuous highlands of the region (Strong & Hills 2005), including the Little Rocky

Mountains. Thompson and Kuijt (1976) believed this a more plausible explr

dilleran conifers in the Cypress and Sweetgrass hills than long distal

Soils and Agriculture.—Substrates are important in detern

(Kruckeberg 2002), and in most of the area, soils rather than unw<

Many soils have developed from tills left following Illinoian and W

material is typically not far removed from its original source as the area was at the southern limit ot the c<

tal (Bandy et al. 2004). Therefore, these tills are derivedpm

for the distribution of cor-

ispersal of seedsby wind or birds,

lg the distribution of plant species

red rocks are present at the surface,

nsinan glaciations. However, this till

nental ice sheet and scouring powerwas i

ily from Cretaceous shales. Tills are thickest in the

beenremoved completely by ere

erratics have been deposited fre

iart of the ai

places (Bingham etal. 1984; Bandy etal. 2004). A few large glacial

the Hudson Bay (Collier 1918; Bandy et al. 2004).

Is have also affected human settlemer

developed ft
scan be highly al This alkalinity Lh relatively low

^ ui ujc ^ i(j i i 0f the land unsuited for cultivation (Cooper et al. 2001). Many home-

st^err'wlwTlartedto'ar'rive following the establishment
of the Great Northern Railway in 1887 (Bandy et al.

2004; now operated by the BNSF Railway), saw theit farms go bankrupt during the Great Depression <B,ng-

ham et al. 1984). TheBLM now manages many of these lands that were repurchasedby the federal government

under the Bankhead-Jones Farm Tenant Act of 1937 (Mackie 1970; Cooper e, aL 2001k Today, most of the area

is utilized for cattle grazing, and toalesser extent, sheep grazing (Bandy etal. 2004).D^amifarmmgofsmaU

grains including spring wheat barley, and oats, as well as irrigated farming along the Milk River are suU im-

portant as welKBingham et al. 1984; Bandy et al. 2004). Today about 17 percent of the area is under culuvanon

(MTNHP 2010). The unsuitability of most of the area for cultivated agriculture and itsuse primarily as range-

land have left many of the grasslands and shrublands
relatively intact (Cooper et aL 2001).

METHODS

The methodsusedfor this inventory largely follow those employed by other gmtotestudenri andsrfatRM

for other floristic inventories in the greater Rocky Mountain region (Hartman 1992; Hartman& Nelson 2008,

Reif et al 2009- Kesonie Sr Hartman 2011; Kuhn et al. 2011; Lukas e. aL 2012). Our primary objective was to
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document the diversity of vascular plants across the area throughout the growing season through the collec-

tion ofvoucher specimens. As such, we chose individual collecting sites in the field rather than visiting a set of

randomly distributed points. Collecting sites were selected for greatest potential diversity, often at the intersec-

tion of different vegetation types or on unique substrates, while spacing sites over the region during different

months of the field season. At each collection site, we used the “meander” search strategy (Goff et al. 1982;

Hartman 1992; Hartman & Nelson 2008). All species in flower or fruit or otherwise readily identifiable

through vegetative characters were vouchered at each site visited and relevant habitat and location data (in-

cluding GPS coordinates) were recorded. Specimens were collected within about 0.8 km (0.5 mi) of each re-

corded GPS point. Voucher specimens were collected, pressed, and dried in accordance with standard collect-

ing techniques described in Hartman (1992) and Hartman and Nelson (2008).

Joseph L.M. Charboneau and B.E. Nelson made collections in the field seasons of 2010 and 2011. In 2010,

we spent 53 person-days collecting between 8June and 25 August and between 10 September and 21 Septem-

ber, generally alternating days collecting with days spent pressing. In 2011
,
between 10Mayand 15 August, we

spent 49 person-days collecting. In total, we made 12,768 collections from 308 sites at a density of 0.55 collec-

tions per sqkm (1.43 per sq mi). Figure 2 contains a map of collection sites.

Specimens were identified using a number of floras including Dorn’s Vascular Plants ofMontana (1984),

Flora of the Great Plains (GPFA 1986), Dorn’s Vascular Plants ofWyoming (2001), and Flora ofNorth America

(1993+). All identifications were checked against specimens in RM verified by specialists. Nomenclature fol-

lows that of theRM Plant Specimen Database (Hartman et al. 2009). Specimen data havebeen entered into this

database and are available online (Hartman et al. 2009). All specimens are housed at RM, and duplicates have

been sent to MONT, MONTU, and other herbaria. We searched all databased records at MONT, MONTU, and

RM/USFS (USFS is the National Herbarium of the U.S. Forest Service, integrated with RM; Hartman et al.

2009; MONT 2013; MONTU 2013) from the area for taxa we did not collect as part of this study but were col-

lected by others and personally verified the identification of these specimens. These “historical” taxa are in-

cluded within the annotated checklist.

We described 19 vegetation types organized into six physiognomic categories based on the dominant

vegetation ofeach type, taking inspiration from the Montana Ecological Systems Field Guide (MTNHP 2012a).

These descriptions are based on our field notes, and the species listed in our vegetation type descriptions were

the most commonly collected within each type.

We performed two types of analyses to assess the adequacy of our collecting in documenting the actual

diversity ofvascular plants. The firstwas a comparison of the environmental conditions and cover types sam-

pled by our collection sites and a set of randomly placed points based on the non-stratified environmental pa-

rameter analysis described by Neldner et al. (1995). Using ArcGIS v. 10.0 (ESRI 2011) we classified ranges of

three environmental variables across the area: elevation (USGS 2009), average annual precipitation, and aver-

age daily minimum temperature (PRISM 2004). We then created a raster file with combinations of these

classes and determined how many combinations were sampled by our collection sites and a set of random

points within the same accessible landswe collected.We also repeated this analysis using land cover type data

fromMTNHP (2010) in place of the environmental data.

The second type of analysis used to evaluate our sampling adequacy was a comparison of the vascular

plant diversitywe observed to estimates of the true diversity present. We used Estimates v. 9.1 (Colwell 2013)

to make taxon accumulation curves by collection days elapsed both chronologically and from 100 randomiza-

tions of collecting order using the default settings. For this purpose we used all collections that were defini-

tively identified even iftheywere eventually discarded for inadequate material. We estimated the total vascular

plant diversity using both the non-^arametric, asymptote-fitting Michaelis-Menten equation and parametric

richness estimators (i.e. based on the number of taxa collected only once or twice) such as the bootstrap, sec-

ond-order jackknife, and Chao 1 estimators (see Colwell & Coddington 1994 for a review of these methods).

We compared these estimates ofactual taxon diversity to the number ofobserved taxa to estimate the percent-

age of actual taxon diversity documented.



RESULTS AND DISCUSSION

conservation concern, exotic taxa and noxious weeds, newly documented taxa, and sampling adequacy.

Summary ofTaxa

We collected 762 unique taxa from 86 vascular plant families. The families with the highest diversity are

Asteraceae (134 taxa), Poaceae (111), Fabaceae (55), Brassicaceae (39), and Rosaceae (37). Genera with the

greatest number of taxa observed are Carex (Cyperaceae; 21 taxa), Astragalus (Fabaceae; 19), Elymus (Poaceae;

18), Poa (Poaceae; 11), and Potentilla (Rosaceae; 11). Below is a summary of the plants collected during the

study. Seventy “historical” taxa housed at MONT, MONTU, or RM/USFS were located from an additional four

families, 22 genera, and 68 species, bringing the total number ofunique taxa to 832. Numbers in parentheses

below are totals including taxa collected by other workers.

c category:Taxa by special

108 (133)

14.2 (16.0)

(12)

(20)
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Taxa by major plant group:

Fern Allies 7 (7)

Gymnosperms 7 (7)

Angiosperms 741 (810)

VEGETATION TYPES

Mackie (1970), Roberts (1980), Hansen et al. (1995), and Cooper et al. (2001) are among the few descriptions of

plant communities specific to the region. Using data taken from field notes, we describe 19 vegetation types

organized into six physiognomic categories based on the dominant vegetation. Delimitation of vegetation

types across the landscape is sometimes difficult as boundaries are often not clear-cut. The types we present

are not meant to be completely distinct and often blend into one another. Abbreviations for vegetation types

consist of an initial uppercase letter designating the physiognomic category followed by two lowercase letters

for the unique vegetation type. If only one infraspecific taxon was found for a species, only the species name is

listed in the vegetation type description.

Grasslands (G)

).—Mixedgrass prairie is the most common vegetation type, dominating over much

of the rolling plains. Although some sources classify the grasslands of eastern Montana as shortgrass prairie

(e.g. GPFA 1986), they are better classified as northern mixedgrass prairie (Coupland 1961; Singh et al. 1983).

Cool-season (C3) grasses dominate this mixedgrass prairie with a single short, warm-season (Q grass (Bou-

teloua gracilis) present to varying degrees (Singh et al. 1983). Cool-season grasses dominant in mixedgrass

prairie are Elymus smithii, Hesperostipa comata, Koeleria macrantha, Nassella viridula, and Poa secunda subspe-

cies as well as the sedge CarexJilijolia.

In addition to the dominance of grasses, Selaginella densa (spikemoss) can sometimes form a significant

component of these grasslands. Shrub cover can range from low to moderate as mixedgrass prairie blends into

sagebrush steppe. Shrubs commonly found are Artemisia cana, A. tridentata, Juniperus horizontalis, and Kra-

scheninnikovia lanata along with the cactus Opuntia polyacantha and the subshrub A.frigida. Forb diversity is

relatively high in mixedgrass prairie. Achillea millefolium, Allium textile, Antennaria spp., Astragalus spp., Boech-

era collinsii, Collomia linearis, Erigeronpumilus, Erysimum inconspicuum, Hedeoma hispidum. Heterotheca villosa,

Hymenoxys richardsonii, Lomatiumfoeniculaceum, Oenothera suffrutescens, Packera cana, Pediomelum argophyl-

lum, Penstemon spp.. Phlox hoodii, Plantago patagonica, Ratibida columnifera, Sphaeralcea coccinea, Vida ameri-

cana var. minor, and the exotic Tragopogon dubius are commonly found.

The area’s flora is more greatly influenced by regions to the west rather than by the eastern edge of the

Great Plains (Lavin & Seibert 2011). Grasses of the tallgrass or “true” prairie such as Andropogon gerardii Vit-

man, Hesperostipa spartea (Trin.) Barkworth, Panicum virgatum L., Sorghastrum nutans (L.) Nash, and Spo-

robolus heterolepis (A. Gray) A. Gray (Johnson & Larson 2007) indeed are entirely absent. But to say that the

area is little influenced by the Great Plains flora as indicated by Lavin and Seibert (2011) is dependent on how

one defines this flora. The Great Plains flora is in all parts recent and adventive, with species colonizing from

peripheral ecosystems (GPFA 1986).

A variant of mixedgrass prairie occurs in the north where mesic grasslands on soils derived from fine-

grained till are dominated by Hesperostipa curtiseta and Elymus lanceolatus varieties (Coupland 1961; Cooper

et al. 2001). This association will be discussed further with the moist coulee bottom and swale vegetation type.

Upland prairie (Gup).—Well-drained prairie uplands often have a distinctive suite of species in addition

to those common on typical mixedgrass prairie. Sandstone outcrops and sandstone-derived soils are often

present on uplands since sandstone erodes less easily than shale in this semiarid environment (Jensen& Var-

nes 1964). Thus many uplands often have sandier soil than surrounding areas. On these uplands, forbs such as

Astragalus gilviflorus, Comandra umbellata, Cryptantha celosioides, C. spiculifera, Dalea Candida, Eriogonum spp-.

Heterotheca villosa, Hymenopappus filifolius, Hymenoxys richardsonii, Lithospermum incisum, Lupinus pusilhs

,
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Oenothera suffrutescens, Oxytropis sericea varieties. Paronychia sessiliflora, Penstemon nitidus, Physaria spatula-

ta, Stenotus armerioides, Tetraneuris acaulis, and Xanthisma grindelioides are common. Typical shrubs include

Juniperus horizontalis, Kraschenirmikovia lanata, Rhus trilobata. Yucca glauca, and the subshrubArtemisia camp-

estris var. pacifica. Graminoids often growing in this habitat are Achnatherum hymenoides
,
Bouteloua gracilis,

Calamovilfa longifolia, Carexfilifolia, Elymus spicatus, Hesperostipa comata, and Schizachyrium scoparium.

Montane meadows (Gmm).—There are only a few montane meadows found on south exposures in the

Little Rocky Mountains. These often have many grassland species found at lower elevations but also have a

distinctive assemblage of forbs. Diagnostic forbs include Balsamorhiza sagittata. Delphinium bicolor, Drymocal-

lis glabrata, Lithospermum ruderale, Oxytropis splendens, and Solidago mollis. Some diagnostic graminoids are

Bromus porteri, Calamagrostis purpurascens, Carex hoodii, C. rossii, Festuca saximontana, and the exotic Poa

pratensis. The shrub Dasiphorajruticosa can also be found in these open meadows.

Shrublands (S)

Sagebrush steppe (Sss).—Sagebrush steppe intergrades extensively with mixedgrass prairie, sharing many of

the same graminoid and forb species. It is most prevalent in the southern part of the area. Sagebrush (Artemisia

spp.) cover is dependent in part on climatic and edaphic factors, with areas receiving a greater proportion of

winter precipitation and greater soil moisture at depth likely to have higher sagebrush cover than pure grass-

lands (Knight 1994). Fires also greatly influence sagebrush cover. It may take more than 100 years for Wyo-

ming big sagebrush cover to return to pre-burn levels in eastern Montana sagebrush steppe (Cooper et al.

2011).

There are two primary sagebrush taxa forming sagebrush steppe: Artemisia tridentata var. wyomingensis

(Wyoming big sagebrush) and A. cana var. cana (silver sagebrush). Artemisia tridentata is typically is found on

never encountered it north of the Milk River. Artemisia cana is found throughout the area and is more tolerant

ofhigher soil moisture than A. tridentata (Knight 1994) and as such can often form sagebrush steppe in moist

coulees. Artemisia cana is also found in sandier soil than A. tridentata and is able to resprout after fires and

other disturbances unlike A. tridentata (Knight 1994).

shrubs Artemisiafrigida, Atriplex gardneri var. gardneri, Gutierreziasarothrae, and the cactus Opuntiapolyacan-

tha. Typical graminoids are Bouteloua gracilis, Elymus elymoides varieties, E. smithii, Hesperostipa comata,

Koeleria macrantha, Nassella viridula, Poa secunda subspecies, and the exotic grass Bromusjaponicus. Forbs

commonly found in sagebrush steppe includeAchillea millefolium. Allium textile, Antermaria parvifolia. Astraga-

lus missouriensis, Atriplex argentea, Dalea purpurea, Erigeron pumilus, Grindelia squarrosa, Heterotheca villosa,

Musineon divaricatum, Orobanchefasciculata, Pediomelum argophyllum, Plantago patagonica, Ratibida colum-

nifera, Senecio integerrimus var. scribneri, Vida americana var. minor, and the exotic Tragopogon dubius. As in

mixedgrass prairie, Selaginella densa can form significant ground cover as well.

Junipersteppe/woodland (Sjw).—This vegetation type is transitional between sagebrush steppe and pon-

derosa pine-juniperwoodland, overlapping both considerably. It is found only in the south along the Missouri

River Breaks whereJuniperus scopulorum (RockyMountainjuniper)J. horizontalis (creepingjuniper), and their

conspecific hybrid,J. xfassettii, occur relatively sparsely on hillsides and coulees
. Juniperusxfassettii (also

known as J. scopulorum Sarg. var. patens Fassett) is a decumbent shrub intermediate in stature between the

parental species that lacks the single-stemmed crown ofJ. scopulorum and the completely prostrate habit ofJ.

horizontalis (Adams 2011). Other common shrubs include Artemisia tridentata and Rhus trilobata.

Greasewood shrubland (Sgs).—Shrublands dominated by Sarcobatus vermiculatus (greasewood) are of-

ten found toward the bottom of coulees on soils derived from marine shales where there are saline soils and a

high water table (MTNHP 2012a). Artemisia tridentata is another common shrub in the fine-textured soils of

this vegetation type along with subshrubs Atriplex gardneri var. gardneri, Gutierrezia sarothrae, Suaeda calceo-

liformis, and the cactus Opuntia polyacantha. The forbs Atriplex suckleyi, Dieteria canescens, Grindelia squarro-

sa, Helianthus annuus ha axillaris, Musineon divaricatum, Plantago elongata, Sphaeralcea coccinea, Vida ameri-
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cana var. minor are typically found along with exotics Melilotus officinalis. Polygonum aviculare, and Tragopogon

dubius. Common grasses include Bouteloua gracilis, Distichlis spicata, Elymus elymoides var. elymoides, E.

smithii, Hordeumjubatum ssp. intermedium, and the exotic grass Bromusjaponicus. Sagebrush steppe and juni-

per steppe/woodland often intergrade into these greasewood shrublands from upslope.

Forests and Woodlands (F)

Thicket and woody draw (Ftw).—In steep coulees there is enough moisture to support thickets primarily of

shrubs, especially Prunus virginiana, Rhus trilobata, and Shepherdia argentea but also Amelanchier alnifolia,

Comus sericea, Juniperus spp., Ribes spp., Rosa woodsii, Symphoricarpos occidentalis, and Toxicodendron

rydbergii. In the steepest, moistest coulees, trees such as Acer negundo var. interius, Fraxinus pensylvanica,

Juniperus scopulorum, and Populus deltoides can be found. Typical grasses in these thickets are Elymus ca-

nadensis, E. trachycaulus var. trachycaulus, Nassella viridula, Piptatherum micranthum, and exotics Bromus

inermis and Poa pratensis. Forbs such as Astragalus agrestis, Campanula rotundifolia, Geum triflorum, Glyc-

are often found along with exotics Camelina microcarpa and Fallopia convolvulus. Wooded draws with Fraxi-

nus pensylvanica are presently experiencing reduced seedhng recruitment and have been declining in quality

across eastern Montana due to the effects of overgrazing and the invasion of exotic grasses such as Bromus

inermis and Poa pratensis (Lesica& Marlow 2013).

edby Populus deltoides (cottonwood) are found along the flood plains of the Milk and Missouri rivers and a few

larger creeks. Other trees sometimes found in these riparian forests are Acer negundo var. interius, Fraxinus

pensylvanica, and Salix amygdaloides, along with the exotic tree Elaeagnus angustifolia. Typical shrubs are

Prunus virginiana, Rosa woodsii, Salix eriocephala var.famelica, S. exigua ssp. interior, Symphoricarpos occidenta-

lis, and the subshrub Artemisia dracunculus. Fluctuating water levels and livestock disturb these forests so

weedy grasses such as exotics Bromus inermis, Eragrostis cilianensis, Setaria viridis, and natives Echinochloa

muricata and Panicum capillare are often found alongwithweedy forbs including exotics Euphorbia esula variet-

ies and Kochia scoparia. Also commonly found are Artemisia ludoviciana, Chamaesyce glyptosperma, Glycyr-

rhiza lepidota, and Solidago gigantea. In many of these forests, human alteration of hydrology has resulted in

highly altered, old cottonwood stands with limited regeneration since high water events are necessary for the

recruitment ofnew seedlings (Auble& Scott 1998). Flooding during 2011, however, resulted in the establish-

ment ofmany new cottonwood seedlings on the banks ofthe Milk and Missouri rivers.

on steep drainages. The upper canopy is typically fairly open and composed of Pinus ponderosa (ponderosa

pine), although Pseudotsuga menziesii (Douglas fir) may also be found on some of the steepest north exposures

in southern Phillips County. Typically there is also a thick understory ofjunipers, bothJuniperus scopulorum

and
J. x/assettii. Surrounding vegetation types like sagebrush steppe and juniper steppeAvoodland heavily in-

fluence ponderosa pine-juniper woodland vegetation. Artemisia tridentata, Juniperus communis, Ribes cereum,

Rhus trilobata, and Symphoricarpos occidentalis are common shrubs. Graminoids such as Achnatherum hymen-

oides, Carex inops, Elymus smithii, E. spicatus, Nassella viridula, Poa secunda subspecies, and the exotic grass

Bromusjaponicus are typically found. Achillea millefolium, Parietaria pensylvanica, Pediomelum argophyllum,

Phacelia linearis, Thermopsis rhombifolia var. rhombifolia, and the exotic Tragopogon dubius are common forbs.

Many of these woodlands and surrounding sagebrush steppe have a heavy cover of the exotic Melilotus offici-

nalis, which was often seeded by land managers in revegetation projects even though it can be highly invasive

on the Northern Great Plains (Lesica& DeLuca 2000). In addition to shading out native vegetation, M. offid-

nalis may allow other non-native plants to outcompete native ones by enriching soils with nitrogen (Lesica &

DeLuca 2000).

Montaneponderosapineforest (Fpp).—These forests are found only in the Little Rocky Mountains in dry

areas at low elevations. Montane ponderosa pine forests occur from about 1,130 to 1,310m (3,700 to 4,300 ft)

where they begin to transition into lodgepole pine forests. Above these elevations, ponderosa pine is more
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scarce and usually only on sunny, south exposures. Ponderosa pine is at the northern edge of its range within

the area. In the Cypress Hills (in Canada) and the Sweetgrass Hills, only about 100 km (60 mi) further north

than the Little Rockies, ponderosa pine is absent, apparently because the climate is too cold (Breitung 1954;

Thompson& Kuijt 1976; USGS 1999).

Pinus ponderosa is the dominant tree in these forests withJuniperus scopulorum present in the understory.

The understory also includes such shrubs as Arctostaphylos uva-ursi, Berberis repens, andJuniperus communis

along with the subshrub Artemisia campestris var. pacifica. Representative grasses are Danthonia spicata, Ely-

mus albicans, E. trachycaulus var. trachycaulus, and the exotic Poa compressa. The suite of forbs found in these

montane forests is quite different from those found in the ponderosa pine-juniper woodlands of the Missouri

River Breaks. Anemone multifida, A. patens, Allium cemuum, Cerastium arvense, Cirsium undulatum, Fragaria

virginiana, Gaillardia aristata, Helianthus pauciflorus, Maianthemum stellatum, Monardafistulosa, Pterospora

andromedea, Solidago simplex, and Viola adunca are typical forbs.

Montane mixed coniferforest (Fmc).—This forest type is found in the Little Rocky Mountains on mesic

slopes atmiddle elevations. Tree canopyismadeup ofa mixture of the conifersPinus contorta (lodgepole pine), P.

ponderosa, and Pseudotsuga menziesii alongwith the deciduous tree Populus tremuloides (quaking aspen). Com-

mon shrubs are Arctostaphylos uva-ursi, Berberis repens,Juniperus communis, and Shepherdia canadensis. Repre-

sentative grasses found in these forests are Danthonia spicata, Elymus spicatus, Poa interior, and exotics E. repens

and Phleum pratense. Typical forbs include Achillea millefolium, Campanula rotundifolia. Clematis occidentalis,

Gaillardia aristata, Galium boreale, Linnaea borealis, Maianthemum racemosum, Moehringia lateriflora, Monarda

Jistulosa, Osmorhiza chilensis, Prosartes trachycarpa, Pterospora andromedea, and the exotic Medicago lupulina.

Lodgepole pineforest (Ftp).—Lodgepole pine forests are found in the Little Rockies in dry areas at high

elevations. These forests typically have a closed canopy and an understory depauperate of species. Moderate

disturbance can add some diversity to these forests, but following fires, thick “doghair” stands ofyoung trees

sprout from serotinous cones (Knight 1994). Such stands are common in the Little Rockies. Mountain pine

beetle infestations in these and other forests in the Little Rocky Mountains are minimal at this time. Shrubs

found in lodgepole pine forests are Ceanothus velutinus, Juniperus communis, Rosa nutkana, Salix scouleriana,

and Shepherdia canadensis. Other species commonly found include Galium boreale, Linnaea borealis, Orthilia

secunda, Pterospora andromedea. Spiraea betulifolia, and Thermopsis rhombifolia var. rhombifolia. There are no

subalpine forests found in the Little Rockies. Picea engelmannii Parry ex Engelm. (Engelmann spruce) has been

reported in the nearby Bearpaw Mountains (USGS 1999), which rise to amaximum elevation of 2,108m (6,917

ft), nearly 365m (1,200 ft) higher than the Little Rockies.

Montane riparianforest (Fmr).—This forest type is found along moist creek bottoms in the Little Rocky

Mountains, and we have included wetland species found in and along mountain creeks under this vegetation

type. Mixed conifers (Pinus contorta, P. ponderosa, and Pseudotsuga menziesii) form the canopy with a thick

understory of the deciduous trees Betulapapyrifera (paper birch) and Populus tremuloides and the shrubsAmeL

onchier alnifolia, Comus sericea,Juniperus communis, Prunus
virginiana, Ribes spp., Salix bebbiana, and Shepher-

dia canadensis. Typical grasses are Bromus richardsonii, Poa palustris, and exotics B. inermis, Phleum pratense,

and Poa pratensis. Common forbs include Achillea millefolium, Actaea rubra, Agrimonia striata. Clematis occi-

dentalis, Equisetum arvense, Galium boreale, G. triflorum. Geranium richardsonii, Heracleum maximum, Hieraci-

»m umbellatum, Linnaea borealis, Maianthemum racemosum, Mimulus guttatus, various orchids, Prosartes tra-

chycarpa Pyrola asarifolia Sanicula marilandica, Spiraea betulifolia, Symphyotrichum ciliolatum, Viola canaden-

sis, and the exotic Cirsium vulgare. The presence of paper birch in the Little Rockies suggests the presence of

boreal forests in the region following Pleistocene glaciations. Most of the flora of the Little Rockies, however, is

more indicative of a cordilleran influence as in the Sweetgrass Hills (Thompson & Kuijt 1976) and to a lesser

extent the Cypress Hills (Breitung 1954).

Wetlands (W)

Moist coulee bottom and swale (Web) —Some prairie species are most typically found in moist coulee bottoms

®d swales. This habilat also grades Into thickets and wooded conlees if there is enough moisture to support
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more woody vegetation and into persistent wetlands if there is surface water. Common forbs in moist coulee

bottoms and swales include Achillea millefolium. Arnicafulgens, A. sororia, Artemisia ludoviciana, Cerastiwn

arvense, Geum triflorum, Glycyrrhiza lepidota, Grindelia squarrosa, Orthocarpus luteus, Potentilla spp., Thermop-

sis rhombifolia var. rhombifolia, Veronica peregrina, and Zigadenus venenosus alongwith exotics Draba nemorosa,

Thlaspi arvense, and Tragopogon dubius. Common graminoids are Carex brevier, C. praegracilis, Hordeumjuba-

tum subspeciesJuncus arcticus, Nassella viridula, and the exotic Poa pratensis. The shrubs Artemisia canajuni-

perus horizontalis, Rosa woodsii, and Symphoricarpos occidentals can also be found.

Distinct from moist coulee bottoms and swales, vernal pools with seasonally standing water can be found

in otherwise flat topography. Eleocharis acicularis, E. palustris, Gnaphalium palustre, Myosurus minimus, Na-

varretia saximontana, Plagiobothrys leptocladus, P. scouleri, and Veronica peregrina are commonly found in ver-

nal pools. Several of the taxa of conservation concernwe found grow in these vernal pools as well.

The coulee bottoms and mesic grasslands in the north, particularly in northeastern Valley County, seem

to be indicative ofvegetation types more common to the north in Canada. In the Opheim Hills and to the east,

the shrubs Dasiphorafruticosaand Elaeagnus commutata can also be found in moist swales. Populus tremuloides,

rare on the plains of eastern Montana but more common further north in Canada (Coupland 1961; Cooper et

al. 2001), can be found in some of the coulees of the Opheim Hills and northeastern Phillips County as well A

few species found nowhere else were present in these moist habitats: Carex obtusata, Fragaria vesca,
Geranium

viscosissimum. Primula pauciflora, Viola nephrophylla, and Zizia aptera. Many of these species are more com-

mon on the Canadian prairies further north (Budd 1979). Other species were only encountered elsewhere in

the Little Rockies including Carex bebbii, C. sprengelii. Delphinium bicolor, Heracleum maximum, Shepherdia ca-

nadensis, and Viola canadensis. The grasses Elymus lanceolatus varieties and Hesperostipa curtiseta were also

frequently found in these locations. Festuca hcdlii, the principal grass of the fescue prairies of Canada (Coup-

land 1961), was found only once in the study in northeastern Valley Countyjust a few miles south of Canada.

This area receives slightly greater precipitation and is generally colder than the rest of the area (PRISM 2004).

The Hesperostipa curtiseta-Elymus lanceolatus grasslands found in northeastern Valley County are much

more common in Canada than in the U.S. However, they were once more prevalent in both countries before

such sites, which are well suited to grain production, were put under cultivation (Cooper et al. 2001). Indeed,

most of the lands east of Opheim are in cultivation and privately owned. A sizable expanse of this prairie as-

sociation in a large area ofMontana State Trust Lands along Dry Fork Creek in northern Valley County repre-

sents one of, ifnot the best, remaining of its kind in the U.S. (Cooper et al. 2001).

Persistent wetland (Wpw).—Most persistent wetlands are located around small reservoirs although they

also occur along large creeks and small pools in creek beds where open water persists throughout the growing

season. Around the periphery ofwetlands, which may be submerged in the spring and early summer but are

often dry by autumn, graminoids such as Beckmannia syzigachne, Carex spp., Echinochloa muricata, Eleocharis

acicularis, E. palustris, Hordeumjubatum subspeciesJuncus arcticus, Poa palustris, and the exotic grass Polypo-

gon monspeliensis are common along with the forbs Conyza canadensis, Glycyrrhiza lepidota, Lycopus asper,

Mentha arvensis, Rumex spp., exotic Sonchus arvensis and the noxious weed Cirsium arvense. Common shrubs

on the periphery ofwetlands are Rosa woodsii and Salix exigua ssp. interior. Occasionally the trees Populus deb

toides and Salix amygdaloides may occur as well. Emergent aquatic plants typically growing in standing water

throughout the growing season are Alisma gramineum, A. triviale, Bolboschoenusfluviatilis, B. maritimus, Limo-

sella aquatica, Persicaria amphibia, P. lapathifolia, Sagittaria cuneata, Schoenoplectus spp., Typha angustifoUa,

and T. latifolia. Common submerged aquatics are Ceratophyllum demersum, Potamogeton spp., Ranunculus

Alkaline wetland (Wal).—Many wetlands are alkaline at least to s

:a are derived from marine shales. Many species found in freshw;

:xtent because soils in most of the

rea are derived trom marine shales. Many species found in freshwater wetlands are also found in alkaline

wetlandsbut the most alkaline typically have a unique assemblage including Distichlis spicata, Glaux maritima,

Hordeumjubatum subspecies, Jva axillaris,Juncus arcticus, Puccinellia nuttalliana, Salicomia rubra, Spergularia

marina, Triglochin maritima, the subshrub Suaeda calceoliformis and the exotic Polygonum aviculare.
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Sparsely vegetated alkaline pan areas are also common. These pan areas are formed above high points on

the shale-tillboundarybeneath the soil surface. Salts from marine shales accumulate here and cause the forma-

tion of natric horizons in the subsoil, which greatly reduces infiltration of precipitation (Munn & Boehm

1983). Few plants can thrive in these water-stressed, alkaline conditions, so plant cover is very sparse with low

diversity. Atriplex suckleyi, Dieteria canescens, Distichlis spicata, Elymus smithii, Hordeum jubatum subspecies,

Iva axillaris, Monolepis nuttalliana, Oenothera cespitosa, Puccinellia nuttalliana, the exotic Polygonum aviculare,

and the subshrub Atriplex gardneri var. gardneri are among the few species typically encountered.

Sparsely Vegetated (V)

Badlands (Vbl).—Badlands are common where marine shales are exposed. When wetted, these badlands form

slick, alkaline clay that cracks extensively upon drying and erodes so rapidly that little vegetation can be estab-

lished. The few species that can survive on badlands are often ruderal and tolerant ofalkalinity. These include

Atriplex argentea, A. suckleyi, Eriogonum pauciflorum, Iva axillaris, Monolepis nuttalliana, Oenothera cespitosa,

Penstemon nitidus, and exotics Conringia orientalis and Polygonum aviculare occasionally with subshrubs Atri-

plex gardneri var. gardneri, Suaeda calceoliformis, and the shrub Sarcobatus vermiculatus.

Shale dunes, somewhat similar to badlands but less common, are found especially in the north in Bitter

CreekWSA and the Frenchman Creek valley. These dunes are formed by the wind when shale weathers into

sand-sized particles or small, thin flakes rather than clay minerals. Juniperus horizontalis typically stabilizes

these dunes. Other species commonly found are Artemisia longifolia, Eriogonum pauciflorum, Oenothera cespi-

tosa, Rosa spp., Stephanomeria runcinata, and Thermopsis rhombifolia var. rhombifolia.

Rock outcrops and talus (Vot).—The Little Rocky Mountains have areas of both granitic and carbonate

rock outcrops. Chamerion angustifolium var. angustifolium, Cheilanthes feei, Draba cana, Erigeron composi-

tus, Eriogonum ovalifolium var. purpureum, Minuartia rubella, Poa glauca, Sedum lanceolatum, Townsendia

hookeri, and Woodsia oregana are among the herbaceous species found on these outcrops. The shrubs Da-

siphora fruticosa and Ribes cereum can be found as well.

There are also several large areas of sparsely vegetated talus fields in the Little Rockies. Ceanothus veluti-

nus, Chamerion angustifolium var. canescens, Prunus pensylvanica, Ribes cereum, R. oxyacanthoides var. oxyacan-

thoides, and Rubus idaeus are typically found on this talus.

Disturbed (D)

There are many disturbed habitats coveredby ruderal forbs and grasses (many are invasive). These are primar-

ily found along roadsides but also in dry reservoir beds, on reservoir dams, and in reseeded fields. Areas dis-

turbed by natural action such as fires, flooding, and animal burrows have many of the same species. Typical

exotic forbs of these habitats include Alyssum desertorum, Camelina microcarpa, Descurainia sophia, Kochia

scoparia, Lactuca serriola, Lappula occidentalis, Medicago lupulina, M. sativa, Melilotus officinalis. Polygonum

aviculare, Salsola tragus, Thlaspi arvense, Tragopogon dubius, and the noxious weed Convolvulus arvensis. Na-

tives Chamaesyce spp., Chenopodium berlandieri, Grindelia squarrosa, Helianthus annuus, Lepidium densiflorum

varieties, Monolepis nuttalliana, Plantago patagonica. Polygonum achoreum, and Verbena bracteata are common

in disturbed habitats as well. Typical weedy grasses are the exotics Agropyron cristatum varieties, Bromus iner-

mis, B.japonicus, B. tectorum, Eragrostis cilianensis, Poapratensis, and natives Hordeumjubatum subspecies and

Munroa squarrosa.

A few species were only found planted and persisting at old homesteads and other such sites. These are

Caragana arborescens, Cotoneaster lucidus, Lonicera tatarica, Malus pumila, Ulmus americana, and U. pumila.

Syringa vulgaris L. was also present but never collected at such sites. Many of the “historical” taxa added to the

checklist were collected in disturbed areas including farm fields, gardens, and lawns. Over 35 percent of the

historical taxa added to the checklist are exotic to Montana while about 14 percent of the taxa we collected are

exotic (Mincemoyer 2012).

Taxa of Conservation Concern

Fifteen taxa of conservation concern were documented from 34 sites. These taxa are tracked by the Montana
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Natural Heritage Program with state ranks of SI, S2, or S3 or are listed as sensitive by the Bureau ofLand Man-

agement (MTNHP 2012b). These taxa are indicated by a diamond () in the annotated checklist and listed al-

phabetically below.

Ammannia robusta (Lythraceae) was found in Valley County in a reservoir and adjacent mudflat. Voucher:

Nelson 81384.

Anagallis minima (Myrsinaceae) was found in Phillips and Valley counties in vernal pools. Vouchers:

Charboneau 2486, 7921.

Bacopa rotundifolia (Plantaginaceae) was found in Phillips County on the edge of a reservoir. Voucher:

Charboneau 9535.

Botrychium hesperium (Ophioglossaceae) was found in Phillips County in a rocky disturbed area in lodge-

pole pine forest. Voucher Charboneau 2120.

Carex scoparia var. scoparia (Cyperaceae) was found in Phillips County in ajuniper thicket in the Missouri

River Breaks and in a montane meadow. Vouchers: Charboneau 2298, 7690.

Elodea bifoliata (Hydrocharitaceae) was found in Phillips County floating in reservoirs. Vouchers:

Charboneau 9431, 9516, 9541.

Phlox andicola (Polemoniaceae) was found in Phillips County in sagebrush steppe. Voucher: Charboneau

5069.

Physaria brassicoides (Brassicaceae) was found in Phillips County in a montane meadow. Voucher:

Charboneau 4812.

Physaria ludoviciana (Brassicaceae) was found in Valley County in mixedgrass prairie. Vouchers:

Charboneau 4862
;
Nelson 82012.

Plagiobothrys leptocladus (Boraginaceae) was found in Phillips and Valley counties in vernal areas. Vouch-

ers: Charboneau 1373b, 5791, 6144, 6870, 7209;
Nelson 80119, 80180, 80542, 81590.

Psilocarphus brevissimus var. brevissimus (Asteraceae) was found in Phillips County in a vernal area.

Voucher: Charboneau 7286a.

Ranunculus hyperboreus (Ranunculaceae) was found in Valley County floating in a creek. Voucher:

Charboneau 2462.

Senecio eremophilus var. eremophilus (Asteraceae) was found in Phillips County in montane disturbed

areas. Vouchers: Charboneau 2141, 9167; Nelson 81011.

Sphenopholis intermedia (Poaceae) was found in Phillips County in mixed conifer forest. Voucher:

Charboneau 2199.

Suckleya suddeyana (Amaranthaceae) was found in Valley County in dried reservoir bottoms and shores.

Vouchers: Charboneau 2736, 3354, 3843, 3860; Nelson 81378.

nuda (Loasaceae), Penstemon grandiflorus (Plantaginaceae), Phacelia thermalis (Boraginaceae), Potentilla plat-

tensis (Rosaceae), and Schoenoplectus heterochaetus (Cyperaceae).

Exotic Taxa and Noxious Weeds

We collected 108 taxa exotic to Montana (Mincemoyer 2012), comprising 14.2 percent of the 762 taxa we col-

lected. These taxa are indicated in the annotated checklist by an asterisk (*). Nine species (10 taxa) of the 32

species recognized as noxious weeds in Montana (MNWP 2010) were documented. These were Acroptilon re-

pens, Centaurea diffusa, C. stoebe, Cirsium arvense. Convolvulus arvensis, Cynoglossum officinale, Euphorbia
esula

varieties, Leucanthemum vulgare, and Tamarix chinensis. In the annotated checklist these taxa are indicated by

a circle (•). The most widespread and common of these noxious weeds are Euphorbia esula varieties and Cirsi-

um arvense. Two Montana regulated plants (priority three weeds;MNWP 2010) were also found: Bromus tecto-

rum and Elaeagnus angustifolia. Twenty-five of the 70 “historical” taxa added to the checklist (35.7 percent)
are

exotic to Montana (Mincemoyer 2012). Among these additional taxa are two Montana noxiousweeds (MNWP
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2010): Lepidium latifolium and Tanacetum vulgare. With the addition of the “historical” taxa

taxa included in the annotated checklist are exotic (Mincemoyer 2012).

Newly Documented Taxa

The area’s vascular flora was previously poorly documented. We collected 227 taxa and 201 species that had

previously been undocumented (GPFA 1977; Hartman et aL 2009; Lesica 2012; USDA 2012; Kartesz 2013;

MONT 2013; MONTU 2013). This accounts for 29.8 percent of the 762 taxa we collected. Only 8.8 percent of

these 227 taxa are exotic to Montana (Mincemoyer 2012) indicating that these newly documented taxa pre-

dominantly are not newly introduced to the area. Of the 12,768 specimens we collected, 446 or more than one

in every 29 collections are county records in either Phillips County or Valley County. On average we collected

over four county records per person-day in the field.

GIS analyses.—In our assessment of the sampling adequacy of environmental conditions by our collection

sites, we found that our sites did nearly as well as a set ofrandom points. There were 66 combinations ofeleva-

tion, average annual precipitation, and average dailyminimum temperature classes within the lands accessible

for collecting. Our actual collection sites were located in 42 of these combinations while a random set of the

same number ofpoints was located in 44 combinations. Our collection sites missed combinations comprising

2.2 percent of accessible lands, while the random points missed combinations totaling 1.1 percent.

lection sites outperformed random points in sampling land cover types. Thirty-nine land cover types are re-

ported within accessible lands (MTNHP 2010). These are the same types described in the Montana Ecological

Systems Field Guide (MTNHP 2012a). Our collection sites sampled 25 cover types, while the set of random

points was only in 15. Our collection sites missed cover types totaling 1.1 percent of accessible lands, while

random sites missed cover types making up 2.3 percent.

In both analyses, the frequency of collection sites and random points for the most part mirrored the fre-

quency of environmental class combinations and land cover types of accessible lands, with important excep-

tions. Our actual sites oversampled rare combinations andcover classes such as those found in the Little Rocky

Mountains while undersampling the most common combinations and classes. This allowed us to better docu-

ment all of the taxa found in rare habitats. Random points also have the disadvantage of often being further

in chronological order. The number of taxa collected levels ofF in the second year of the inventory as fewnew

taxa were encountered in May andJune 2011, although almost 100 were encountered for the first time inJuly

and August 2011. In total 630 taxa (almost 83 percent) were encountered during the first field season, and an

additional 132 were collected for the first time during the second field season.

Figure 4 shows the taxon accumulation curve averaged from 100 randomizations of the order of collect-

ing days. The curve levels off fairly well with 90 percent of observed taxon richness encountered by about 60

of 102 collecting days. The asymptote of the species accumulation curve as predicted by the Michaelis-Menten

equation (see Colwell and Coddington 1994) reaches 797 taxa, only 35 more than we observed. Parametric

estimators gave higher estimates of diversity: the bootstrap estimator predicted 829 taxa, the Chao 1 estimator

885 taxa, and the second-orderjackknife estimator 965 taxa. The addition of70 “historical” taxa to the check-

list brings the total number of known taxa to 832, greater than predicted by the Michaelis-Menten equation

and the bootstrap estimator based on our collections. Many of the “historical” taxa added were collected in

habitats that we did not focus our efforts on such as lawns, gardens, and cultivated fields, which may explain

this discrepancy. Based on the addition of these “historical” taxa and our estimates ofthe taxon diversity pres-

ent in the area, we collected between 79 and 91.6 percent of the taxa growing in the area.

Our estimate of the actual diversity documented and our analyses of the environmental conditions and
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land cover types sampled by collection sites show we performed adequately in documenting the diversity of

vascular pUnts^Because of the number of taxa documented for the first timeinJuly and August of the second
fie!d season and the relatively short time spent collecting in September, the late summer and early fall likely

would be the most worthwhile part ofthe growing season for further collecting.

CONCLUSIONS

This inventory has greatly expanded the floristic knowledge ofa 23,191 sqkm (8,954 sq mi) area of northeast-«n Momana. Approximately one in every 29 collections made (446 of 12,768) were county records in either

fionl'rtr ^
^ley County, and about 3° percent of the taxawe documented were previously unknown

from the area. In total, we collected 762 vascularp!anttaxafrom86 families, an estimated 79-4>2 percent of the
actual vascular plant diversity present in the area. The addition of 70 “historical- taxa brings the total number

manv rarest rb r

area *d 832. This study demonstrates there is stillmuch to be learned about the flora of
many parts of the contiguous United States.

i

confusion Collection data are available
ocbr^at'Ltpy^ww^huw^edu^Belo^is^key

to'the a^bn

.ethefoiiowingform^



Menten estimator, Tobs = taxa observed. Data generated using Estimates (Colwell 2013).

County abbreviations:

PH Phillips

Riparian cottonwood forest

Thicket and wooded coulee

• Montana noxious weed

Taxon of conservation c<

* Putative hybrid

VA Valley

Gup Upland prairie

$gs Greasewood shrubland

Sjw Juniper steppe/woodland

Sss Sagebrush steppe

Vbl Badlands

Vot Rock outcrops and talus

Wal Alkaline wetland

Web Moist coulee bottom and s

Wpw Persistent wetland
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Verbena bracteata Lag. & Rodr. (14) PH, VA; 650-935 m; D

var.adunca (5) PH; 1 195-1440 m;Flp, Fmc, Fmr, Fpp

Viola vallicola A. Nelson ( 1 5) PH, VA; 710-1 440 m;Gmg,Gmm,Web
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